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COMPOSITIONS, SYSTEMS, AND METHODS FOR IMAGING 

Background 

[0001] Materials that produce color change upon stimulation with energy (e.g., 
light or heat) may have possible applications in imaging. For example, such 
materials may be found in thermal printing papers and instant imaging films. 
Generally, the materials and compositions known so far may require a multifilm 
structure and further processing to produce an image (e.g., instant camera films). 
And in the case of facsimile and thermal head media, high energy input of greater 
than 1-5 J/cm 2 is needed to achieve good images. The compositions in multifilm 
media may require control of diffusion of color-forming chemistry and further 
processing, and are in separate phases and layers. Many thermal and facsimile 
paper coatings consist of coatings prepared by applying fine dispersions of more 
than two components. The components mix and react upon application of 
energy, resulting in a colored material. For the necessary mixing, the particles 
may need to contact across three or more phases or layers and merge into a new 
phase. Because of these multiple phases and layers, high energy is required to 
perform this process. For example, a relatively powerful carbon dioxide laser with 
an energy density of 3 J/cm 2 at times of much greater than 100 ps may be 
needed to produce a mark. In some instances, this high energy application may 
cause damage to the imaging substrate. 

[0002] In many situations, it may be desirable to produce a visible mark more 
efficiently using either a less intense, less powerful, and/or shorter energy 
application. Therefore, there is a need for fast marking coatings, possibly 
composed of fewer than three phases and in single layer. One method may be to 
provide a binder, a dye, a color developer, and an antenna, wherein the dye 
changes color when reacted with the color developer, wherein one of the dye and 
the color developer is soluble in the binder at ambient conditions, wherein the 
antenna and the binder soluble compound are dissolved in the binder; and the 
other of the dye and the color developer compound are substantially uniformly 
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distributed in the binder. In such systems, if the antenna is not substantially 
thermally and light stable, the ability to mark may be lost or diminished, i.e., due 
to absorption of ambient energy (e.g., sunlight, artificial light, and/or ambient 
heat). The antenna may lose its ability to absorb energy and deliver it for 
formation of an image. For example, even antennae which have previously been 
considered stable (i.e., with an extinction coefficient greater than 100,000, or less 
than 20% loss in absorption, after exposure to light or heat stress) may be highly 
susceptible to ambient energy and may show diminished light marking ability after 
exposure to ambient energy. 

[0003] In addition, the formed image may fade if it has not been developed with 
sufficient energy. For example, many markings may fade after exposure to 
40°C/80% humidity after three days. This fading may be due to the inability of the 
antenna to deliver sufficient energy to the dye, especially due to effect of 
exposure to light or heat. Heretofore, it may be desirable to produce a system 
which solves one or more of the foregoing problems. 

Summary 

[0004] Disclosed herein are imaging materials and methods of making imaging 
materials. The materials disclosed herein may include an antenna which 
comprises a compound selected from the group consisting of 
compoundscomprising a phthalocyanine chromophore and compounds 
comprising a naphthalocyanine chromophore. 

Brief Description of the Drawings 

[0005] For a detailed description of embodiments of the invention, reference will 
now be made to the accompanying drawings in which: 

[0006] Figure 1 shows a method of preparing an imaging material according to 
an embodiment of the present invention. 

[0007] Figure 2 shows an imaging medium according to an embodiment of the 
present invention. 
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Notation and Nomenclature 

[0008] Certain terms are used throughout the following description and claims to 
refer to particular system components. As one skilled in the art will appreciate, 
companies may refer to components by different names. This document does 
not intend to distinguish between components that differ in name but not function. 
In the following discussion and in the claims, the terms "including" and 
"comprising" are used in an open-ended fashion, and thus should be interpreted 
to mean "including, but not limited to . . . ." The term "leuco dye" is a color 
forming substance which is colorless or one color in a non-activated state and 
produces or changes color in an activated state. As used herein, the term 
"activator" is a substance which reacts with a leuco dye and causes the leuco dye 
to alter its chemical structure and change or acquire color. By way of example 
only, activators may be phenolic or other proton donating species which can 
effect this change. The term "antenna" means a radiation absorbing compound. 
The antenna readily absorbs a desired specific wavelength of the marking 
radiation, and transfers energy to cause marking. 

Detailed Description 

[0009] The following discussion is directed to various embodiments of the 
invention. The embodiments disclosed should not be interpreted, or otherwise 
used, as limiting the scope of the disclosure, including the claims. In addition, 
one skilled in the art will understand that the following description has broad 
application, and the discussion of any embodiment is meant only to be exemplary 
of that embodiment, and is not intended to intimate that the scope of the 
disclosure, including the claims, is limited to that embodiment. 
[0010] Embodiments of the present invention include coatings that result in 
markings which are substantially stable in ambient and near ambient conditions. 
The materials used to produce markings upon stimulation by energy may include 
a color-former such as a fluoran leuco dye and an activator such as 
sulphonylphenol dispersed in a matrix such as radiation-cured acrylate oligomers 
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and monomers and applied to a substrate. In some embodiments, either the 
leuco dye or the activator may be substantially insoluble in the matrix at ambient 
conditions. A substantially stable radiation energy absorber (i.e., antenna) that 
functions to absorb energy and deliver it to the reactants is also present in this 
coating. Energy may then be applied by way of, for example, a laser or infrared 
light. Upon application of the energy, either the activator, the color-former, or 
both may become heated and mixed which causes the color-former to become 
activated and a mark to be produced. 

[0011] Referring now to the embodiments illustrated in Figure 2, there is shown 
imaging medium 100, energy 110, substrate 120, imaging composition 130, and 
suspended particles 140. Imaging medium 100 may comprise a substrate 120. 
Substrate 120 may be any substrate upon which it is desirable to make a mark, 
such as, by way of example only, paper (e.g., labels, tickets, receipts, or 
stationary), overhead transparencies, or the labeling surface of an optical disk 
such as a CD-R/RW/ROM or DVD-R/RW/ROM. 

[0012] Imaging composition 130 may comprise a matrix, an activator, an 
antenna, and a color forming dye. The activator and the color forming dye, when 
mixed, may change color. Either of the activator and the color forming dye may 
be soluble in the matrix. The other component (activator or color forming dye) 
may be substantially insoluble in the matrix and may be suspended in the matrix 
as uniformly distributed particles 140. The imaging composition 130 may be 
applied to the substrate via any acceptable method, such as, by way of example 
only, rolling, spraying, or screen printing. 

[0013] Energy 110 may be directed imagewise to imaging medium 100. The 
form of energy may vary depending upon the equipment available, ambient 
conditions, and desired result. Examples of energy which may be used include 
IR radiation, UV radiation, x-rays, or visible light The antenna may absorb the 
energy and heat the imaging composition 130. The heat may cause suspended 
particles 140 to reach a temperature sufficient to cause the interdiffusion of the 
color forming species initially present in the particles (e.g., glass transition 
temperatures (T g ) or melting temperatures (T m ) of particles 140 and matrix). The 
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activator and dye may then react to form a color. Without limitation, the antenna 
may be selected from the following compounds: 

(A) silicon 2,3 naphthalocyanine bis(trihexylsilyloxide) (Formula 1) (Aldrich 
38,993-5, available from Aldrich, P.O. Box 2060, Milwaukee, Wl 53201), and 
matrix soluble derivatives of 2,3 naphthalocyanine (Formula 2) 




(B) matrix soluble derivatives of silicon phthalocyanine, described in Rodgers, 
AJ. et a/., 107 J. Phys. Chem. A 3503-3514 (May 8, 2003), and matrix soluble 
derivatives of benzophthalocyanines, described in Aoudia, Mohamed, 119 J. Am. 
Chem. Soc. 6029-6039 (July 2, 1997), (substructures illustrated by Formula 3 and 
Formula 4, respectively): 
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OBu 



(3) 




(4) 

where M is a metal, and; 

(C) compounds such as those shown in Formula 5 (as disclosed in U.S. 
Patent No. 6,015,896) 



(S0 3 H) x 




(5) 

where M is a metal or hydrogen; Pc is a phthalocyanine nucleus; R 1 , R 2 , W 1 , and 
W 2 are independently H or optionally substituted alkyl, aryl, or aralkyl; R 3 is an 
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aminoalkyi group; L is a divalent organic linking group; x, y, and t are each 
independently 0.5 to 2.5; and (x+y+t) is from 3 to 4; 

(D) compounds such as those shown in Formula 6 (as disclosed in U.S. 

Patent No. 6,025,486) 

-(S0 3 H) x 



mpcc 



-N- 



(6) 

where M is a metal or hydrogen; Pc is a phthalocyanine nucleus; each R 1 
independently is H or an optionally substituted alkyl, aryl, or aralkyl; L 1 
independently is a divalent organic linking group; Z is an optionally substituted 
piperazinyl group; q is 1 or 2; x and y each independently have a value of 0.5 to 
3.5; and (x+y) is from 2 to 5; or 

(E) 800NP (a proprietary dye available from Avecia, PO Box 42, Hexagon 
House, Blackley, Manchester M9 8ZS, England). 

[0014] The activator (e.g., bisphenol-A) and color-forming dye 90 (e.g., 2- 

anilino-S-methyl-e'^dibutylaminoJfluoran, the structure of which is set forth below 

as Formula 7) 
n-Bu 



n-Bu 




(7) 

may act in tandem to produce a mark. The activator and dye may be any two 
substances which when reacted together produce a color change. When 
reacted, the activator may initiate a color change in the dye or develop the dye. 
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One of the activator and the dye may be soluble in the matrix (e.g., lacquer 30) at 
ambient conditions. The other may be substantially insoluble in the lacquer at 
ambient conditions. By "substantially insoluble," it is meant that the solubility of 
the other in the lacquer at ambient conditions is so low, that no or very little color 
change may occur due to reaction of the dye and the activator at ambient 
conditions. Although, in the embodiments described above, the activator may be 
dissolved in the lacquer and the dye remains suspended as a solid in the matrix 
at ambient conditions, it is also acceptable that the color former may be dissolved 
in the matrix and the activator may remain as a suspended solid at ambient 
conditions. Activators may include, without limitation, proton donors and phenolic 
compounds such as bisphenol-A and bisphenol-S. Color formers may include, 
without limitation, leuco dyes such as fluoran leuco dyes and phthalide color 
formers as described in "The Chemistry and Applications of Leuco Dyes", 
Muthyala, Ramiah, ed., Plenum Press (1997) (ISBN 0-306-45459-9), 
incorporated herein by reference. Examples of acceptable fluoran leuco dyes 
comprise the structure shown in Formula 8: 




where A and R are aryl or alkyl groups. 

[0015] Lacquer 30 may be any suitable matrix for dissolving and/or dispersing 
the activator, antenna, and color former. Acceptable lacquers may include, by 
way of example only, UV curable matrices such as acrylate derivatives, oligomers 
and monomers, with a photo package. 
Example 1 

[0016] Referring to the embodiments of Figure 1, which shows a method for 
preparing an imaging solution in accordance with embodiments of the present 
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invention, the method may comprise an activator melt 10, an activator/antenna 
solution 20, a UV curable lacquer solution 30, a lacquer/antenna/activator solution 
40, and a two phase UV curable paste 50. 

[0017] In accordance with the embodiments illustrated in Figure 1, 2 grams of 
dibenzyl oxalate was heated to melting (about 85° C). 20 grams of activator 
bisphenol-A and one gram of antenna silicon 2,3 naphthalocyanine 
bis(trihexylsilyloxide) (Formula 1), were dissolved in the melted dibenzyl oxalate. 
The activator/antenna solution 20 was cooled and ground into a fine powder 70. 
[0018] Five grams of the ground activator/antenna powder 70 was dissolved in 
15.3 g Nor-Cote CDG000 UV-lacquer 30 to form the lacquer/antenna/activator 
solution 40. 

[0019] Ten grams of m-terphenyl (accelerator) 50 was melted in a beaker. The 
melt 50 was heated to 1 1 0° F. 100 grams of 2'-anilino-3 '-methyl-6'-(dibutylamino) 
fluoran (Formula 9) were added in small increments to the melt upon constant 
stirring: 



n-Bu 




(average particle size less than about 5 pm). The temperature of the mixture was 
increased up to 170-180°C. Stirring was continued until complete dissolution of 
the 2'-anilino-3'-methyl-6'-(dibutylamino)fluoran in the melt (approximately 10-15 
min) to form an accelerator/leuco-dye solution. 550mg of silicon 2,3 
naphthalocyanine bis(trihexylsilyloxide) (Formula 1), was added to the melt upon 
constant stirring. 
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[0020] Heating and stirring was continued for about two to three additional 
minutes until the IR dye was completely dissolved in the melt to form a leuco dye/ 
antenna/accelerator alloy (eutectic). Temperature of the leuco dye/antenna/ 
accelerator alloy was kept to below about 190°C. 

[0021] The leuco-dye/antenna/accelerator alloy was then poured into a pre- 
cooled freezer tray lined with aluminum foil, where it was allowed to solidify. The 
solidified melt was milled into a coarse powder and then attrition-ground in the 
aqueous dispersion until the average particle size of the ground alloy was less 
than about 4 pm. The ground alloy was dried in a vacuum to form a leuco-dye 
eutectic powder. 

[0022] The mixture of leuco-dye/antenna/accelerator alloy and lacquer/antenna/ 
activator solution 40 was formed into a UV-curable paste 50 and screen printed 
onto a substrate at a thickness of approximately about 5 to about 7 pm to form an 
imaging medium. The coating on the medium was then UV cured by mercury 
lamp. 

[0023] Direct marking was effected on the resulting coated substrate with a 45 
mW laser. A mark of approximately 20 pm x 45 pm was produced with duration 
of energy applications of about 30 psec to about 100 psec. Direct imaging occurs 
when the desired image is marked on the imaging medium, without the use of a 
printing intermediary. 
Example 2 

[0024] The method of Example 1 was carried out, except that 20 grams of 
phenol, 4,4'-sulfonylbis[2-(2-propenyl)-(9CI) (Formula 10): 
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(10) 

was used as the activator and 1.2 grams of antenna silicon 2,3 naphthalocyanine 
bis(trihexylsilyloxide) (Formula 1), were dissolved in the melted dibenzyl oxalate 
to form the activator/antenna solution 20. Activator/antenna solution 20 was 
cooled and ground into a fine powder 70. Additionally, instead of using 100 
grams of 2-anilino-3-methyl-6'-(dibutylamino) fluoran as the leuco-dye, 15 grams 
of leuco-dye 2-anilino-3-methyl-6-(N-ethyl-N-isoamylamino)fluorane (Formula 11) 
(average particle size < 5 pm) were used to form the accelerator/leuco-dye 
solution. 

Et 




As with Example 1, the mixture of leuco-dye/antenna/accelerator alloy and 
lacquer/antenna/activator solution 40 was formed into a UV-curable paste 90 and 
screen printed onto a substrate at a thickness of approximately 7 pm to form an 
imaging medium. The coating on the medium was then UV cured by mercury 
lamp. Direct marking was effected on the resulting coated substrate with a 45 
mW laser. A mark of approximately 20 pm x 45 pm , with optical density of >0.5, 
was produced with energy applications of about 60 psec to 100 psec. 
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[0025] Similar procedures were followed using antennae of indocyanine green 
(Aldrich 22886-9) (Formula 12); 




(12) 

IR 780 (Aldrich 42,531-1) (Formula 13); and 800NP 



(13) 




The coatings were exposed to a 21,000 lux fluorescent light for 24 hours, and 
screened for the marking speed and optical density. Coatings containing 
indocyanine green or IR 780 did not show any markings after the light treatment. 
Coatings containing silicon 2,3 naphthalocyanine bis(trihexylsilyloxide) antenna 
(Formula 1) or 800NP showed less than 20% drop in optical density after the light 
exposure. 

[0026] The foregoing discussion is meant to be illustrative of the principles and 
various embodiments of the present invention. Numerous variations and 
modifications will become apparent to those skilled in the art once the above 
disclosure is fully appreciated. It is intended that the following claims be 
interpreted to embrace all such variations and modifications. 



